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(X1, X2):
Fj: Xj (j = 1, 2)
(X1, X2)
α(u) = log
(
P (F1(X1) > 1− u, F2(X2) > 1− u)
P (F1(X1) ≤ u, F2(X2) ≤ u)
)
, 0 < u ≤ 0.5.
α(u)
✓ ✏
C (X1, X2)
C(u1, u2) = P (F1(X1) ≤ u1, F2(X2) ≤ u2),
α(u)
α(u) = log
(
2u− 1 + C(1− u, 1− u)
C(u, u)
)
.
✒ ✑
• [0, 1]
• C(u1, u2) C¯(u1, u2) = 1 − u1 − u2 + C(u1, u2)
α(u)
α(u) = log
(
C¯(1− u, 1− u)
C(u, u)
)
.
✓ ✏
α(u)
(i) α(u) = 0 ⇐⇒ C(u, u) = C¯(1− u, 1− u),
(ii) αC(u) = −αC¯(u),
(iii) α(0.5) = 0,
(iv) C limu↓0 α(u) = log(λU/λL)
λU λL C
✒ ✑
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C(u1, u2) = max{u−θ1 + u−θ2 − 1, 0}−1/θ, θ ∈ [−1,∞) \ {0}.
θ = 1 θ = 20.
α(u) θ = 1, θ = 5, θ = 10, θ = 20
α(u)
{(U1i, U2i)}ni=1 ∼ i.i.d. C(u1, u2) α(u)
αˆ(u) = log
(
TU
TL
)
,
TU =
1
n
n∑
i=1
1(U1i ≥ 1−u, U2i ≥ 1−u), TL =
1
n
n∑
i=1
1(U1i ≤ u, U2i ≤ u).
αˆ(u)✓ ✏
An(u)
An(u) =
√
n {αˆ(u)− α(u)} , 0 < u ≤ 0.5.
n → ∞ {An(u) | 0 < u ≤ 0.5} 0
σ2u∨v u∨ v = max(u, v),
σ2w =
C(w,w) + C(1− w, 1− w)
C(w,w) · C(1− w, 1− w) .
✒ ✑
α(u)
• 2005 4 1 2015 3 31 225 S&P500
daily return (n = 2367)
• 225 S&P500 daily return GARCH(1, 1)
{(xi, yi)} α(u)
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. ( ) {FˆX(xi), FˆY (yi)} , ( ) αˆ(u)( ) α(u) 90% ( ).
